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© Gradation correction device and image sensing device therewith. 



© A gradation correction device with a feature 
quantity extraction means (1105) for extracting fea- 
ture quantities from input digital picture signals of a 
picture, which feature quantities reflecting luminace 
level distribution of the input digital picture signals; 

a gradation correction characteristic determina- 
tion means (1106) for determining a gradation cor- 
rection characteristic based on the feature quantities 
received from the feature quantity extraction means. 



which gradation correction characteristic defining an 
output signal for an input signal; and 

a correction means for correcting each of the 
input digital picture signals by using the gradation 
correction characteristic determined by the gradation 
correction characteristic determination means; 

whereby the gradation correction characteristic 
for the input picture digital signals is varied accord- 
ing to features thereof. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a gradation s 
correction device for correcting gradation of input 
picture signals and a device therewith such as a 
camcorder or a video printer. 

Description of the Prior Art io 

When a dark object is taken in a picture with a 
camcorder or the like, the object in an output 
picture becomes darkened with poor gradation. In 
particular, when a back-lit object is taken in a 75 
picture, extreme black or white portions appear in 
the picture and an output picture becomes unnatu- 
ral. Therefore, a gradation correction device is 
needed to be installed in a camcorder or the like 
which processes picture signals of a 1 -field picture. 20 

Many gradation correction circuits have been 
developed. For example, a prior art gradation cor- 
rection circuit is disclosed in Japanese Patent laid 
open Publication No. 125,589/1990 on the correc- 
tion of image quality of an image sensing device. 25 
In the gradation correction circuit, a luminance sig- 
nal Y is first attenuated and next amplified non- 
linearly. A nonlinear portion is extracted from am- 
plified signal and added to the luminance signal Y. 
Thus, half-tone signals are emphasized while sig- 30 
nals of high and low luminances are preserved. 
Thus, the image quality of a main object and 
background under back light can be improved. 

However, in the above-mentioned prior art, only 
intermediate luminance levels are expanded. 35 
Therefore, it is a problem for a strongly back-lit 
object that gradation becomes poor between inter- 
mediate and high levels of picture signals. Further, 
though image quality can be increased a little for 
an object under back light, gradation for a front-lit 40 
object or for an object having gradation ranging 
from low to high levels becomes poor in some 
portions or an output image becomes unnatural. 

A second prior art gradation correction circuit 
is disclosed in Japanese Patent laid open Publica- 45 
tion No. 206282/1990. In the above-mentioned cir- 
cuit, image signals are divided into predetermined 
ranges of signal levels, and an average or an 
integrated value of image signals in each level 
range is detected. A gain control data ROM has 50 
stored a gain or attenuation amount for a gamma 
correction controller in correspondence to the aver- 
age of image signals in each level range. By con- 
trolling the gamma correction characteristic in cor- 
respondence to the output signal of the gain control 55 
data ROM, extreme white or black portions can be 
prevented to appear in an output picture. 



In the above-mentioned second prior art. the 
deterioration of image due to extreme black por- 
tions can be prevented by increasing the gain at 
low luminance, while the deterioration of image at 
extreme white portions can be prevented by con- 
trolling the attenuation at intermediate and high 
luminances. However, it is a problem that gradation 
at high luminance becomes poor. Further, though 
gradation correction characteristic has to be 
changed for front-lit objects and for back-lit objects, 
it is not easy to change gradation correction char- 
acteristic for front-lit objects and for back-lit ob- 
jects. It is also a problem that an output picture 
becomes unstable and unnatural if the prior art 
gradation correction circuit is applied to a video 
camera which deals a moving picture. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a gradation correction device which can supply an 
output image of good gradation expression in an 
entire picture for a front-lit object and for a back-lit 
object. 

Another object of the present invention is to 
provide a gradation correction device which can 
vary gradation characteristic easily for various 
kinds of pictures for example a back-lit object or a 
front-lit object. 

Still another object of the present invention is 
to provide a gradation correction device which can 
correct gradation of a moving picture. 

A further object of the present invention is to 
provide an image sensing device with a gradation 
correction circuit which can supply an output image 
of good gradation expression in an entire picture of 
various kinds of pictures for example a front-lit 
object and a back-lit object. 

In one aspect of a gradation correction device 
of the invention, a feature quantity extraction 
means extracts feature quantities (for example fre- 
quency values of a histogram of luminance) from 
input digital picture signals of a 1 -frame picture or 
of a 1 -field picture. The feature quantities reflect 
luminance level distribution of the input digital pic- 
ture signals. Then, a gradation correction char- 
acteristic is determined based on the feature quan- 
tities. A gradation correction characteristic defines 
an output signal for an input signal. Then, each of 
the input digital picture signals is corrected by 
using the gradation correction characteristic. Thus, 
the gradation correction characteristic for the input 
digital picture signals is changed naturally for an 
input picture such as a moving picture according to 
features thereof. An image sensing device accord- 
ing to the present invention comprises such a 
gradation correction device. For a moving picture, a 
gradation correction characteristic is changed pref- 
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erably only after successive increase or decrease 
in the correction amount of input picture signals by 
many times more than a prescribed number of 
pictures in order to stabilize the gradation correc- 
tion characteristic even when the input picture sig- 5 
nal includes some noise signals. 

In another aspect of a gradation correction de- 
vice of the present invention, a gradation correction 
characteristic is determined according to the fea- 
ture quantities by averaging two prescribed grada- to 
tion correction characteristic with a weight. The 
weight is determined according to an input digital 
picture signal or an average of input digital picture 
signals. In concrete, a correction coefficient char- 
acterizing a gradation correction characteristic used 75 
for gradation correction is determined based on the 
feature quantities, and an input picture signal is 
corrected by using a gain for the signal determined 
according to the correction coefficient. 

An advantage of a gradation correction device 20 
or an image sensing device therewith is that it can 
determine a most suitable gradation correction 
characteristic automatically according to feature 
quantities obtained from input picture signals. 

Another advantage of a gradation correction 25 
device or an image sensing device therewith ac- 
cording to the present invention is that an output 
picture of good color balance and rich gradation 
expression can be obtained for every picture from 
back-lit object to front-lit object without deteriorat- 30 
ing gradation and that extreme black or white por- 
tions in an output picture can be prevented by 
using a simple structure. 

Still another advantage of a gradation correc- 
tion characteristic according to the present inven- 35 
tion is that gradation correction can be performed 
naturally even for a moving picture because grada- 
tion correction characteristic can be changed 
gradually. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the follow- 
ing description taken in conjunction with the pre- 45 
ferred embodiments thereof with reference to the 
accompanying drawings, and in which: 

Fig. 1 is a block diagram of a camcorder using a 
gradation correction device of a first embodi- 
ment of the present invention; 50 
Rg. 2 is a diagram of a 1 -frame image of input 
picture signals; 

Fig. 3 is a diagram of effective pixels in the 1- 
frame image; 

Fig. 4 is a block diagram of a gradation correc- 55 
tion device in the first embodiment of the 
present invention; 



Rg. 5 is a diagram of gradation correction char- 
acteristic; 

Rg. 6 is a block diagram of a feature quantity 
extraction circuit; 

Fig. 7 is a histogram of luminance in an exam- 
ple; 

Fig. 8 is a block diagram of a correction coeffi- 
cient determination circuit; 

Rg. 9 is a block diagram of an internal structure 
of a correction coefficient table ROM; 
Fig. 10 is a diagram for illustrating the contents 
of two quantization memories; 
Rg. 11 is a diagram for illustrating the content of 
a decision memory; 
Fig. 12 is a circuit diagram of a filter; 
Rg. 13 is a block diagram of a gradation correc- 
tion gain generation circuit of a first embodi- 
ment; 

Fig. 14 is a block diagram of a gradation correc- 
tion gain generation circuit of a second embodi- 
ment; 

Rg. 15 is a diagram of gradation correction 
characteristic and input/output characteristic in 
the embodiment; 

Fig. 16 is a block diagram of the gradation 
correction gain generation circuit of a second 
embodiment; 

Rg. 17 is a block diagram of the functions of an 
image sensing device which can correct grada- 
tion according to a third embodiment of the 
present invention; 

Fig. 18 is a block diagram of the image sensing 
device which can correct gradation according to 
a third embodiment of the present invention; 
Fig. 19 is a flowchart of a process for determin- 
ing correction coefficients in the third embodi- 
ment of the present invention; and 
Rg. 20 is a block diagram of a gradation correc- 
tion circuit according to a fourth embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like 
reference characters designate like or correspond- 
ing parts throughout the views, Fig. 1 shows a 
block diagram of a camcorder including a gradation 
correction device 204 of a first embodiment of the 
present invention. First, R, G and B signals as input 
picture signals detected by a solid state image 
sensor 201 such as a charge coupled device (CCD) 
is supplied through an analog circuit 202 to an 
analog-to-digital converter 203. The converter 203 
converts the R, G and B signals to digital data of 0 
- 255 level to be supplied to the gradation correc- 
tion device 204. In the gradation correction device 
204, a gradation correction characteristic most ap- 
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propriate to the input picture signals is determined 
and gradation correction is performed according 
thereto. A gradation correction characteristic is re- 
ferred hereinafter to a relation of output signal 
against input signal, as shown in Fig. 5. On the 
corrected R, G and B signals, a signal processor 
205 performs signal processing such as aperture 
processing. The processed digital R, G and B 
signals are converted to analog R, G and B signals 
by a digital-to-analog converter 206. Next, an en- 
coder 207 converts the analog R, G and B signals 
to Y signal (luminance signal) and C signals (color 
signals) and a VCR circuit 208 records them in a 
video tape. 

Fig. 2 shows an example of a 1 -frame picture 
of input picture signals in a frame plane 501. This 
picture shows a person standing in front of a win- 
dow. Due to strong back-light , the person be-, 
comes very dark while a landscape which can be 
seen through the window becomes very bright. 

The number of samples in the frame plane 501 
is 640 points along a horizontal direction and 480 
points along a vertical direction. Fig. 3 shows effec- 
tive pixels in the frame plane 501 , wherein effective 
pixels are represented as open circles (O). The 
effective pixels selected consists of every other 
pixel in the horizontal direction and every other line 
in a central region of 512 pixels in the horizontal 
direction and 400 lines along a vertical lines. 
Therefore, the number of samples in the effective 
area is 256 points along the horizontal direction 
and 200 points along the vertical direction. 

In the above-mentioned example, the effective 
area consists of 256 points times 200 points. How- 
ever, the area size or point number of signals for 
expressing the number of pixels may be selected 
to be any number large enough to extract features 
of an input picture, and feature quantities can be 
extracted by counting the frequencies of pixels in 
different level ranges in the effective area in a 
histogram. The bit number of feature quantities or 
frequencies of pixels may also be any number 
large enough to express features of a picture. 

Fig. 4 shows a block diagram of the gradation 
correction device 204. A known matrix circuit 101 
receives input picture signals and provides lumi- 
nance signal Y to a feature quantity extraction 
circuit 102 and to a correction gain generation 
circuit 104. The feature quantity extraction circuit 
102 extracts feature quantities from the luminance 
signals Y in the above-mentioned effective area. 
The feature quantities which are used to determine 
gradation correction characteristic are defined to 
represent the kind of a picture. In the present 
embodiment, the feature quantities represent level 
distribution of the luminance signals Y in the effec- 
tive pixels of 256 * 200 dots. Then, a correction 
coefficient determination circuit 103 determines a 



gradation correction characteristic appropriate for 
the input digital picture signals of the picture ac- 
cording to the extracted feature quantities. In con- 
crete, the correction coefficient determination cir- 

5 cuit 103 determines a correction coefficient char- 
acterizing the appropriate gradation correction 
characteristic and the correction coefficient is used 
to correct the input picture signals. Then, input 
digital picture signals are corrected according to 

10 the appropriate gradation correction characteristic. 
That is, first, the correction gain generation circuit 
104 receives the luminance signal Y and the cor- 
rection coefficient received from the correction co- 
efficient determination circuit 103 and sends a cor- 

75 rection gain (Y7Y) to a correction circuit 105. Fi- 
nally, the correction circuit 105 adjusts the timing 
of the R, G and B signals with the correction gain 
by delays 106 by a delay time for calculating the 
gradation correction characteristic, and it multiplies 

20 them with the correction gain (Y'/Y) by the multipli- 
ers 107 to supply R\ G' and B* signals after 
gradation correction to the signal processor 205. 
Thus, by using the correction gain commonly for 
the digital R, G and B signals, an output picture of 

25 good color balance and rich gradation expression 
can be supplied. Though the delays 106 are used 
for timing control in the circuit 105, 1 -field or 1- 
frame memories may be used instead of the de- 
lays 106. In such a case, a same picture is read 

30 twice. As explained below, it is a characteristic of 
the gradation correction device 204 that it pro- 
cesses digital data. Thus, it is relatively easy to 
change gradation characteristic according to the 
features of various kinds of a picture. 

35 In the gradation correction device 204 of the 

present embodiment, gradation correction charac- 
teristic is determined automatically according to 
feature quantities extracted from input digital pic- 
ture signals. The gradation correction characteristic 

40 represents a relation of output level against input 
level of picture signals. Fig. 5 shows gradation 
correction characteristic in the present embodi- 
ment, wherein reference sign Y1 denotes a first 
gradation correction characteristic arid reference 

45 sign Y2 denotes a second gradation correction 
characteristic. In the present embodiment, a cor- 
rected value of input picture signal can easily be 
obtained, as will be explained later, by using the 
gradation correction coefficient which characterizes 

so an interpolation characteristic between the two Yl 
and Y2. Therefore, an output picture of good color 
balance and rich gradation expression can be sup- 
plied for all objects from a back-lit object to a front- 
lit object without deteriorating gradation. 

55 The gradation correction device 204 is ex- 

plained in detail below. The matrix circuit 101 re- 
ceives R, G and B digital signals of levels 0 - 255 
as input picture signals. If R = G = B = 255, 
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these color signals represent white. The luminance 

Y increases with increasing values of these signals. 
The matrix circuit 101 calculates luminance signal 

Y from R, G and B signals. The luminance signal Y 
can be obtained for example by using a following 
relation: 

Y = 0.30R + 0.59G + 0.1 1B. (1) 

The luminance Y ranges also between 0 and 255. 
The luminance Y is supplied to the feature quantity 
extraction circuit 102 and to the correction gain 
generation circuit 103. 

Fig. 6 shows the feature quantity extraction 
circuit 102 for extracting feature quantities from the 
luminance signals Y of a picture. In this example, 
frequencies of luminance signal at three sections of 
low, middle and high luminances are counted over 
an effective area in a 1 -frame picture, and the 
frequencies are used as feature quantities. In par- 
ticular, the input luminance signal Y is compared 
with first and second threshold values by a com- 
parator 701. If the luminance signal Y is smaller 
than the first threshold value, a count signal for low 
luminance section is supplied to a first counter 702. 
If the luminance signal Y is between the first and 
second threshold values, a count signal for middle 
luminance section is supplied to a second counter 

703. If the luminance signal is larger than the 
second threshold value, a count signal for high 
luminance section is supplied to a third counter 

704. Thus, the counters 702, 703 and 704 provide 
the frequencies of low, middle and high luminance 
sections for an effective area. 

Fig. 7 shows an example of a histogram of 
luminance obtained by the feature quantity extrac- 
tion circuit 102. A histogram "a" obtained by count- 
ing frequencies at each luminance level is illus- 
trated for comparison. Reference signs "b", "c" 
and "d" denote frequencies of pixels of low lu- 
minance section from 0 to 63, of middle luminance 
section from 64 to 191 and of high luminance 
section from 192 to 255. respectively. The histo- 
gram shown in Fig. 7 has two peaks at low and 
high luminance sections larger than the number at 
middle luminance section. Therefore, it is guessed 
that this picture is taken for a back-lit object. 

In the example explained above, the feature 
quantity extraction circuit 102 provides frequencies 
of pixels for three luminance levels. The two 
threshold values for determining sections for ex- 
traction can be changed suitably. The number of 
luminance level sections may also be different from 
three. 

Fig. 8 shows a correction coefficient determina- 
tion circuit 103. A correction coefficient table ROM 
801 stores correction coefficients for a front-lit ob- 
ject, for a back-lit object, for a dark object and the 
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tike while receiving frequencies of pixels of low, 
middle and high luminance sections as input sig- 
nals. Therefore, when the three frequencies of pix- 
els of low, middle and high luminance sections are 
5 received by the correction coefficient table ROM 
801 from the feature quantity extraction circuit 1 02, 
a conection coefficient is determined for gradation 
correction of an input picture. The correction coeffi- 
cient is filtered by the filter 802 so as to keep 
w gradation continuity of moving pictures with respect 
to previous frames, as will be explained later. 

Fig. 9 shows an internal structure of an exam- 
ple of the correction coefficient table ROM 801 
including an M-L calculator 13, a first quantization 
T5 memory 14, a second quantization memory 15, a 
decision memory 16 and a bit shift circuit 42 for 
shifting 6-bit data to the left This combination of 
the memories 14, 15 and 16 is adopted to reduce 
the memory capacity. The M-L calculator 13 re- 
20 ceives 16-bit data of the frequencies of pixels of 
low, middle and high luminance sections and gen- 
erates values L, M and H as most significant 8-bit 
data of the 16-bit data. It also calculates (100 + 
M/4 - L/2). Then, it provides 8-bit data of (100 + 
25 M/4 - L/2) and of H to the quantization memories 
14 and 15 as addresses. 

Fig. 10 shows an example of the contents of 
the quantization memories 14 and 15. For example, 
the first quantization memory 14 provides "0" if 0 ^ 
30 (100 + M/4 - L/2) £ 5. As shown in Fig. 7, the level 
width of middle luminance section is double that of 
low luminance range. For example, if the sign of 
(M/4 - L/2) is negative, the object in the picture 
under interest is decided to be under back light. 
35 The value "100" is a constant added for conve- 
nience. The memories 14 and 15 provide quantiza- 
tion values of a 4-bit data and of a 3-bit data, 
respectively. The capacity of the first quantization 
memory 14 is 128 bytes (or 256 words times 4 
40 bits), while that of the second one 15 is 96 bytes 
(or 256 words times 3 bits). 

Fig. 11 shows the content of the decision 
memory 16. The decision memory 16 receives the 
4-bit quantization value from the first quantization 
45 memory 14 and the 3-bit quantization value from 
the second one 15 as a 7-bit address signal, and it 
provides a 5-bit parameter (T) in correspondence 
to the address. For example, if n 0" is received from 
the first quantization memory 14 and "0" is also 
so received from the second one 15, the decision 
memory 16 provides "-4.0". It is shown that an 
output value increases from -4.0 to +4.0 from a 
back-lit object (M/4 < L/2) to a front-lit object (M/4 
> L/2). It is also shown that an output value in- 
55 creases with increasing H. The capacity of the 
decision memory 16 is 80 bytes (or 128 words 
times 5 bits). 
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As explained above, the correction coefficient 
table ROM 801 includes series connection of the 
quantization memories 14, 15 and the decision 
memory 16. Therefore, the memory capacity be- 
comes as small as 128 + 96 + 80 = 304 bytes. If 
this is compared with a single ROM (40 kbytes) of 
16-bit address and 5-bit output value, the memory 
capacity can be decreased to about a 135-th. 

Fig. 12 shows a circuit diagram of the filter 802 
in detail. A synchronous pulse generator 37 gen- 
erates pulse signals (VD) and master clock signals 
(fck)» both having rising edges in synchronization 
with the start of a frame. Further, reference nu- 
meral 18 denotes a comparator, reference numer- 
als 21, 22 and 23 denote inverters, reference nu- 
merals 23, 25 and 34 denote AND gates. A sub- 
tractor 30 receives a 5-bit parameter r from the 
correction coefficient table ROM 801 and the cor- 
rection coefficient (y) for the previous frame held in 
a correction gamma register 17 and calculates a 
difference (T - y). A shift bit number counter 32 
counts master clock signals, and a shift bit number 
comparator 33 compares the count of the counter 
32 with a number set in a shift bit number register 
31 and supplied shift clocks to a shift register 35. 
The shift register 35 shifts the difference (r - -y) to 
right by a bit number set in the shift bit number 
register 31. An adder 36 adds the y of the previous 
frame with the shifted difference (r - y) and sup- 
plies a sum to the correction gamma register 17 to 
update the correction coefficient for each frame. 
Thus, if the difference (r - 7) is large, the correc- 
tion coefficient changes much, while if the dif- 
ference (r - y) is small, the correction coefficient 
changes little. In other words, a change amount of 
correction coefficient varies with the difference. 

On the other hand, a plus frame number coun- 
ter 19 counts a number of frames which has r 
larger than y continuously, while a minus frame 
number counter 20 counts a number of frames 
which has r smaller than y continuously. A plus 
frame number comparator 27 and a minus frame 
number comparator 28 compare the counts in the 
plus and minus frame number counters 19 and 20 
with the inoperative frame number set previously in 
a register 26, respectively. If the number set in the 
inoperative frame number register 26 is smaller 
than the values set in the plus and minus frame 
number counters 19 and 20, the shift register 35 is 
cleared according to a pulse signal received from a 
NAND gate 29, and the adder 36 provides the 
same correction coefficient as that of the previous 
frame. Thus, the correction coefficient does not 
change until frames of r > y or r < y continue by 
more than the inoperative frame number. 

Fig. 13 shows a block diagram of the gradation 
correction gain generation circuit 104 of the first 
embodiment including a first gradation correction 



characteristic circuit 301, a second gradation cor- 
rection characteristic circuit 302, an adder 303 and 
a weighted average circuit 304. An input luminance 
signal Y is supplied to the first and second grada- 

5 tion correction characteristic circuits 301 and 302. 
In the first gradation correction characteristic circuit 
301, a first correction gain (Y1/Y) is sent according 
to the input luminance signal Y and Y1 obtained 
from a first gradation correction characteristic. 

10 Similarly, in the second gradation correction char- 
acteristic circuit 302, a second correction gain 
(Y2/Y) is sent according to the input luminance 
signal Y and Y2 obtained from a second gradation 
correction characteristic. On the other hand, the 

75 adder 303 adds the luminance signal Y with the 
correction coefficient y to send the sum as a signal 
X: 

X = Y + y. (2) 

20 

Finally, the weighted average circuit 304 averages 
the first and second correction gains with a weight 
according to Equation (3) including a signal X and 
sends a correction gain (Y7Y): 

(r/Y) = {(Y1/Y)*(255-X) + (Y2/Y)*X)/255. (3) 

In the present embodiment, the first correction 
gain (Y1/Y) follows Equation (4) while the second 
30 correction gain (Y2/Y) follows Equation (5). 

(Y1/Y) = ^^SS^fy^SS) 3 + 255}/Y. (4) 

(Y2/Y) = Y/Y. (5) 

35 

Fig. 5 shows gradation correction characteris- 
tics used in the present embodiment, wherein Y1 
and Y2 denote the first and second gradation cor- 
rection characteristics, respectively. For example, if 

40 the correction coefficient supplied from the deter- 
mination circuit 103 is zero, the gradation correc- 
tion characteristic is represented as "a". If the 
correction coefficient is positive, the gradation cor- 
rection characteristic decreases below the char- 

45 acteristic "a", as illustrated for example as n c n . If 
the correction coefficient is negative, the gradation 
correction characteristic increases above the char- 
acteristic "a", as illustrated for example as n b n . 
Thus, by changing the gradation correction coeffi- 

50 cient, the gradation correction characteristic can 
easily be changed gradually and continuously. By 
decreasing the correction coefficient, the correction 
gain at low and middle luminances increases 
gradually, and finally it is enhanced in the entire 

55 range. Therefore, every object can be corrected to 
express rich gradation by using for example the 
gradation correction characteristic "Y2" for a front- 
lit object, the gradation correction characteristic "a" 
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for a back-lit object and the gradation correction 
characteristic "Y1 " for a dark object. 

As explained above, the correction gain gen- 
eration circuit 104 generates the correction gain for 
an input picture signal by using the correction 
coefficient, and the correction gain is used in the 
correction circuit 105 to correct the input picture 
signal by multiplying it with the correction gain. It is 
to be noted on the correction gain generation cir- 
cuit 104 that it does not need ROMs or the like to 
store a plurality of kinds of gradation correction 
characteristics, and the scale of the circuit can be 
made very compact. Still further, because a grada- 
tion correction characteristic can be generated for 
front-lit and back-lit objects by changing the cor-, 
rection coefficient, an output picture of good color 
balance and rich gradation expression can be ob- 
tained for all objects from back-lit object to front-lit 
object without deteriorating gradation. Still further, 
because the gradation correction characteristic can 
be changed gradually and continuously, gradation 
correction can be performed naturally even for a 
moving picture. Still further, the contrast at high 
luminance is preserved by the gradation correction 
characteristic "a" in Rg. 5 for back-lit object. On 
the other hand, in a prior art so-called auto-knee 
control, the gradation at high luminance is deterio- 
rated. 

Next, a second embodiment of the gradation 
correction device 204 is explained. It is. similar to 
the first embodiment except the correction gain 
generation circuit 104\ Fig. 14 shows a block dia- 
gram of the gradation correction gain generation 
circuit 104' of this embodiment This circuit is dif- 
ferent from that of the first example shown in Rg. 
13 in that an average detection circuit (low pass 
filter) 1305 is provided newly to generate a weight. 
An input luminance signal Y is supplied to first and 
second gradation correction characteristic circuits 
1301 and 1302. In the first gradation correction 
characteristic circuit 1301, a first correction gain 
(Y1/Y) is sent according to the input luminance 
signal Y. Similarly, in the second gradation correc- 
tion characteristic circuit 1302, a second correction 
gain (Y2/Y) is sent according to the input luminance 
signal Y. On the other hand, the average detection 
circuit (LPF) 1305 obtains an average luminance Ya 
from luminance signals Y. That is, it averages lu- 
minance signals of say three or five pixels around a 
pixel of interest. An adder 1303 adds the average 
luminance Ya with the correction coefficient y to 
supply a signal X: 

X = Ya + y. (2') 

Rnally, a weighted average circuit 1304 averages 
the first and second correction gains with a weight 
determined according to Equation (2 f ) by using the 



signal X and supplies a correction gain (Y7Y) to the 
correction circuit 105. 

Rg. 15 illustrates gradation correction char- 
acteristics and input/output characteristic in an ex- 

s ample, in an example shown in Rg. 15, when input 
picture signals along a horizontal line has a step- 
wise edge, output picture signals show edge em- 
phasis. If the average luminance Ya obtained by 
the average detection circuit (LPF) 1305 is equal to 

io a luminance signal Y of a pixel of interest, the 
gradation characteristic "a" shown in Rg. 15 is 
adopted. If the average luminance Ya is smaller 
than a luminance signal Y of a pixel of interest, the 
gradation characteristic "b" shown in Rg. 15 is 

15 adopted. If the average luminance Ya is larger than 
a luminance signal Y of a pixel of interest, the 
gradation characteristic "c" shown in Rg. 15 is 
adopted. Thus, the gradation correction characteris- 
tic can be changed for each pixel appropriately. 

20 Even if a gradation correction characteristic curve 
has a small slope, the contrast of an output picture 
is good, and output signals can express gradation 
richly. 

Fig. 16 shows a block diagram of an example 

25 of the gradation correction gain generation circuit 
104'. The circuit calculates Equations (2 f ). (3), (4) 
and (5). The second gradation correction char- 
acteristic circuit 1402 in this example provides a 
second correction gain Y2/Y = 1 according to the 

30 gradation correction characteristic shown in Fig. 5. 

Next, the correction gain generation circuit 104' 
is explained further. The circuit is simplified by 
using bit shift for multiplication or division of 255 
and the like. First, when a luminance signal Y is 

35 received, an average Ya is obtained by an average 
detection circuit (low pass filter) 401. Next, a first 
adder 402 adds the average luminance Ya with the 
correction coefficient. A clip circuit 403 clips an 
output signal of the first adder with a value "O" for 

40 smaller values and with a value "255" for larger 
values. On the other hand, the luminous signal Y is 
delayed via a delay 400 for synchronization and a 
signal 2Y obtained by one-bit shift of Y are re- 
ceived by a second adder 404, and a signal 2Y is 

45 added with Y to send a signal 3Y of three times Y. 
Further, a first multiplier 405 multiplies the lumi- 
nance signal Y twice to generate a luminance sig- 
nal Y 2 . A third adder 406 adds the output of the 
first multiplier 405 with a value w 3 n . Next, a first 

so subtracter 407 subtracts the output signal "Y 2 + 3 W 
of the third adder 406 with W 3Y" of the second 
adder 404. The first gradation correction character- 
istic circuit 1301 of this example consists of the 
second adder 404, the first multiplier 405, the third 

55 adder 406 and the first subtracter 407. Then, the 
second subtracter 409 subtracts the output signal 
of the clip circuit 403 from "255". Then, a second 
multiplier 408 multiplies the output signal of a sec- 
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ond subtractor 409 with that of the first subtracter 
407. Finally, a fourth adder 410 adds the output 
signal of the clip circuit 403 with that of the second 
multiplier 408 to send a product as a correction 
gain. The weighted average circuit 1404 consists of 
the second multiplier 408, the second subtractor 
409 and the fourth adder 410. 

As explained above, the correction gain is con- 
trolled according the correction coefficient with use 
of the gradation correction characteristics shown in 
Figs. 5 and 15. Because a gradation correction 
characteristic can bo generated for every object by 
changing the correction coefficient, an output pic- 
ture of good color balance and rich gradation ex- 
pression can be obtained for ail objects from back- 
lit objects to front-lit objects without deteriorating 
gradation. 

In particular, the average detection circuit 1 305 
averages input luminance signals including an input 
luminance signal of interest and input luminance 
signals thereabout. In other words, the circuit 1305 
outputs an average of luminance signals around the 
input luminance signal of interest. Therefore, the 
luminance is corrected smaller or larger if the aver- 
age luminance is larger or smaller. Therefore, even 
the gradation correction keeps contrast even if the 
slope of the gradation correction characteristic is 
small and output signals of rich gradation expres- 
sion can be obtained. 

The above-mentioned correction gain genera- 
tion circuit 104* generates the correction gain by 
using the correction coefficient without ROMs and 
the like to store a plurality of kinds of gradation 
correction characteristics. Therefore, the scale of 
the circuit can be made very compact. Still further, 
the contrast at high luminance is preserved for a 
back-lit object. On the other hand, in a prior art so- 
called auto-knee control, the gradation at high lu- 
minance is deteriorated. Further, gradation correc- 
tion is performed in the unit of pixel by changing 
the gradation correction characteristic suitably ac- 
cording to the average luminance Ya. Therefore, 
the gradation correction keeps contrast even if the 
slope of the gradation correction characteristic is 
small, and output signals of rich gradation expres- 
sion can be obtained. 

Fig. 17 shows a block diagram of an image 
sensing device which can correct gradation accord- 
ing to a third embodiment of the present invention. 
This device is similar to that of the first embodi- 
ment shown in Rg. 1 except that feature extraction 
and correction determination are carried out by 
using a software program. First, R, G and B signals 
as input picture signals are sensed by a solid state 
image sensor 1101 through an analog circuit 1102. 
The R, G and B signals are converted by an 
analog-to-digital converter 1103 to digital data of 0 
- 255, which are supplied as input picture signals to 
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a matrix circuit 1104 and to the gradation correc- 
tion means 1108. A matrix circuit 1104 calculates a 
luminance signal Y from the digital R. G and B 
signals, and it supplies the luminance signal Y to a 

5 feature quantity extraction means 1 1 05 for extract- 
ing feature quantities and to a correction gain gen- 
eration means 1107 for generating a correction 
gain. The feature quantity extraction means 1105 
extracts features of pixels of low, middle and high 

io luminance sections of the luminance signal Y and 
supplies them as feature quantities to a correction 
coefficient determination means 1106. This means 
1106 decides a gradation correction characteristic 
most appropriate to the input picture signal and 

75 sends a gradation correction coefficient characteriz- 
ing the gradation correction characteristic. A cor- 
rection gain generation means 1107 outputs a cor- 
rection gain according to the luminance signal Y 
and the correction coefficient, and a gradation cor- 

20 rection means 1108 multiplies the input picture 
signals with the correction gain for gradation cor- 
rection. On the corrected R. G and B signals, the 
signal processor 1109 performs signal processing 
such as aperture processing. The processed digital 

25 R. G and B signals are converted to analog R. G 
and B signals by a digital-to-analog converter 1110. 
Next, an encoder 1111 converts the R. G and B 
signals to Y signal (luminance signal) and C signal 
(C signal). Finally, a VCR circuit 1112 records them 

30 in a video tape. 

Rg. 18 shows a block diagram of an image 
sensing device of an example according to a third 
embodiment of the present invention, wherein a 
solid state image sensor 1201. an analog circuit 

35 1202. an analog-to-digital (A/D) converter 1203. a 
gradation correction circuit 1204, a signal proces- 
sor 1205, a digital-to-analog (D/A) converter 1206, 
an encoder 1207 and a VCR circuit 1208 are simi- 
lar to the counterparts shown in Fig. 17. First, R. G 

40 and B signals as input picture signals are sensed 
by the solid state image sensor 1101 through the 
analog circuit 1202. The R, G and B signals are 
converted by the analog-to-digital converter 1203 
to digital data of 0 - 255 level, which are supplied 

45 as input picture signals to a histogram generation 
means 1209 and to a gradation correction means 
1204. The histogram generation means 1209 cal- 
culates a luminance signal Y from the R, G and B 
signals to generates frequencies of pixels of low, 

so middle and high luminance sections for a 1 -frame 
of an effective picture plane to extract feature 
quantities. A microprocessor 1212 is connected via 
a bus 1215 to a ROM 1213, a RAM 1214, an input 
means 1210 such as a key board and a correction 

55 gain generation circuit 1211. The ROM 1213 stores 
templates which includes features of gradation cor- 
rection characteristic, while the RAM 1214 stores 
the numbers of pixels of low, middle and high 
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luminances received from the histogram generation 
means 1209. The microprocessor 1212 determines 
a correction coefficient according to a flowchart 
shown in Fig. 19. 

Next, it is explained how the microprocessor 
1212 determines the gradation correction charac- 
teristic by using template matching with reference 
to Fig. 19. First, the frequencies of pixels of low, 
middle and high luminance sections are read from 
the histogram generation means 1209 and stored in 
the RAM 1214 (step S10). Next, the distances of 
the numbers stored in the RAM 1214 from tem- 
plates stored in the ROM 1213 are calculated (step 
S12). The templates represent gradation correction 
characteristics to be selected according to feature 
quantities of input picture signals. Next, a gradation 
correction characteristic of the shortest distance is 
determined (step S14). Finally, a processing is 
performed for keeping gradation continuity with the 
gradation correction characteristic of a previous 
field. Then, a correction coefficient is sent for the 
correction gain generation circuit 1211 (step S16). 

The correction gain generation circuit 1211 
averages the first and second gradation correction 
characteristics with a weight according to a sum of 
the average of the input luminance signal and the 
correction coefficient and supplies a correction gain 
to the gradation correction circuit 1204. The circuit 
1204 adjusts the timing of the R, G and B signals 
according to the correction gain, and multiplies 
each of the R, G and B signals with the correction 
gain to send corrected R, G and B signals after 
gradation correction. On the corrected R, G and B 
signals, the signal processor 1205 performs signal 
processing such as aperture processing. The pro- 
cessed digital R, G and B signals are converted to 
analog R, G and B signals by the digital-to-analog 
converter 1206. Next, the encoder 1207 converts 
the R, G and B signals to Y signal (luminance 
signal) and C signal (C signal). Finally, the VCR 
circuit 1208 records them in a video tape. 

As in the previous embodiments, the image 
sensing device according to the present embodi- 
ment can provide an output picture of good color 
balance and rich gradation expression for all ob- 
jects from back-lit object to front-lit object without 
deteriorating gradation. Still further, the contrast at 
high luminance is preserved for a back-lit object. 
On the other hand, in a prior art so-called auto- 
knee control, the gradation at high luminance is 
deteriorated. Preferably, gradation correction is 
performed in the unit of pixel by changing the 
gradation correction characteristic according to the 
average luminance Ya. Then, the gradation correc- 
tion keeps contrast even if the slope of the correc- 
tion gain is small, and output signals of rich grada- 
tion expression can be obtained. When a moving 
picture is corrected, a natural picture can be pro- 



vided with use of gradation correction. 

Fig. 20 shows a block diagram of a gradation 
correction device according to a fourth embodi- 
ment of the present invention. The gradation cor- 

5 rection device includes a feature quantity extraction 
circuit 1401, a correction coefficient determination 
circuit 1402, a correction gain generation circuit 
1403, a correction circuit 1404, delays 1405 and 
multipliers 1406. This gradation correction device is 

to different from that shown in Fig. 4 in that a matrix 
circuit is omitted because input picture signal in- 
cludes luminance and color signals. 

Next, the gradation correction circuit of the 
fourth embodiment is explained. A luminance sig- 

75 nal Y and color difference signals R-Y, B-Y are 
received by the gradation correction device. There- 
fore, a matrix circuit for calculating luminous signal 
can be omitted because the luminance signal Y is 
received. The functions of a feature quantity extrac- 

20 tion circuit 1401, a correction coefficient determina- 
tion circuit 1402, a correction gain generation cir- 
cuit 1403 and a gradation correction means 1404 
are similar to the counterparts in the first embodi- 
ment. That is, the luminance signal Y to the feature 

25 quantity extraction circuit 1401 and to the correc- 
tion gain generation circuit 1403. The feature quan- 
tity extraction circuit 1 401 extracts features of pix- 
els of low, middle and high luminance sections of 
the luminance signal Y and supplies them to -the 

30 correction coefficient determination circuit 1402. 
The circuit 1402 decides a gradation correction 
characteristic most appropriate to the input picture 
signals and sends a correction coefficient to the 
gradation gain generation circuit 1403. The circuit 

35 1403 outputs a correction gain according to the 
luminance signal Y and the correction coefficient to 
the correction circuit 1404. Then, in the gradation 
correction means 1404, the delay circuits 1405 
adjust the timings of input picture signals and the 

40 multipliers 1406 multiply the picture signals with 
the correction gain to send corrected luminance 
signal Y* and color difference signals (R-Y)' and (B- 
Y)\ Similarly to in previous embodiments, an out- 
put picture of good color balance and rich grada- 

45 tion expression can be obtained for all objects from 
back-lit object to front-lit object without deteriorat- 
ing gradation. 

The above-mentioned embodiments can be 
varied in many ways. For example, in the above- 
so mentioned embodiments, R, G and B signals or 
luminance signal and color difference signals are 
used as input digital picture signals. However, other 
signals which vary with luminance can also be 
used as input digital picture signals. Such signals 

55 include a composite signal or a signal synthesized 
from the luminance and color signals. 

In the embodiments mentioned above, the cor- 
rection circuit multiplies each of input picture sig- 
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nals with the correction gain. However, in a modi- 
fied example, a correction value (Y-V) is calculated 
and gradation is corrected by adding the correction 
value (Y-Y*) to each of the input picture signals, 
instead of the above-mentioned multiplication with 
the correction gain (Y7Y). In this case, a correction 
difference circuit is provided to calculate (Y-Y 1 ) 
instead of the correction gain circuit 104 and ad- 
ders are used for the addition of (Y-Y 1 ) instead of 
the multipliers 107 provided in the correction circuit 
105. 

In the embodiments explained above, an input 
picture signal is converted to an 8-bit digital signal. 
However, the bit number for quantization may be a 
number different from eight. The bit number to be 
processed in the correction gain generation circuit 
and the like can be adjusted according to the bit 
number for quantization. 

In the embodiments described above, a grada- 
tion correction device is provided for gradation 
correction in a camcorder. Therefore, gradation 
correction device receives input picture signals 
from the solid state image sensor 201 through the 
analog circuit 202. However, a different recording 
medium can also be used to provide input picture 
signals: for example, a laser disc, a video tape, a 
magnetic disc or the like for analog picture record- 
ing and a magnetic disc such as a hard disc or an 
optical disc for a digital recording after anaiog-to- 
digital conversion. In other words, input recording 
signals are supplied from such a recording me- 
dium. The gradation correction device of the inven- 
tion can be applied to any recording medium which 
stores a 1 -frame or a 1 -field picture data, wherein 
the solid state image sensor 201 and the analog 
circuit 202 can be replaced with an appropriate 
device. 

In the embodiments explained above, the cor- 
rection coefficient determination circuit decides the 
correction coefficient of input picture signals ac- 
cording to a luminance histogram. However, other 
feature quantities which can classify a picture or 
which reflect luminance level distribution may be 
used instead of the luminance histogram. For ex- 
ample, each histogram of red (R), green (G) and 
blue(B) signals, or one of them (say green <G» can 
used. Further, if an effective picture area of picture 
data is divided into a plurality of blocks, a maxi- 
mum, an average, a minimum and the like of 
luminance signal, R, G and B signals or color 
difference signals may be extracted in each block. 
For example, if a picture plane is divided into 4 * 4 
= 16 blocks and a maximum, an average and a 
minimum in each block are determined, 48 data 
are extracted from a picture. Then, these data may 
be used to decide features of the picture. 

The correction coefficient determination circuit 
can use any process for determining an appro- 



priate gradation correction characteristic from input 
picture signals. For example, a neural network or 
fuzzy control can be used to determine appropriate 
gradation correction characteristic besides the 

5 above-mentioned template matching. 

As explained above, it is an advantage of a 
gradation correction circuit according to the present 
invention and of an image sensing device therewith 
that it can determine a most suitable gradation 

10 correction characteristic automatically by deciding 
a picture according to feature quantities obtained 
from input picture signals. By using such a simple 
structure, extreme black or white can be prevented 
in a reproduced picture, and an output picture of 

75 good color balance and rich gradation expression 
can be obtained for all objects from back-lit object 
to front-lit object without deteriorating gradation. 
Further, it is also an advantage of the present 
invention that because gradation correction char- 

20 acteristic can be changed gradually and continu- 
ously, gradation correction can be performed natu- 
rally even for a moving picture. 

Although the present invention has been fully 
described in connection with the preferred embodi- 

25 ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the 
art. Such changes and modifications are to be 
understood as included within the scope of the 

30 present invention as defined by the appended 
claims unless they depart therefrom. 

Claims 

35 1. A gradation correction device comprising: 

a feature quantity extraction means for ex- 
tracting feature quantities from input digital pic- 
ture signals of a picture, which feature quan- 
tities reflecting luminance level distribution of 

40 the input digital picture signals; 

a gradation correction characteristic deter- 
mination means for determining a gradation 
correction characteristic based on the feature 
quantities received from the feature quantity 

45 extraction means, which gradation correction 

characteristic defining an output signal for an 
input signal; and . 

a correction means for correcting each of 
the input digital picture signals by using the 

so gradation correction characteristic determined 

by the gradation correction characteristic de- 
termination means; 

whereby the gradation correction charac- 
teristic for the input picture digital signals is 

55 varied according to features thereof. 

2. The gradation correction device according to 
Claim 1. wherein said input picture signals 

10 
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comprise a luminance signal and color dif- 
ference signals. 

3. The gradation correction device according to 
Claim 1 , further comprising a luminance signal 5 
generation means for separating or synthesiz- 
ing the luminance signal from the input digital 
picture signals. 

4. The gradation correction device according to 10 
Claim 3, wherein said luminance signal genera- 
tion means comprises a matrix circuit for gen- 
erating the luminance signal from R, G and B 
signals. 

75 

5. The gradation correction device according to 
Claim 1, wherein said feature quantity extrac- 
tion means determines the luminance level dis- 
tribution by calculating a histogram of the lu- 
minance signals of the picture, the luminance 20 
signals being classified into a plurality of sec- 
tions, frequency values of the sections being 
used as said feature quantities. 

6. The gradation correction device according to 25 
Claim 5, wherein a number of said sections is 
three. 

7. The gradation correction device according to 
Claim 1, wherein sad gradation correction 30 
characteristic determination means determines 

a gradation correction characteristic by averag- 
ing two prescribed gradation correction char- 
acteristic: with a weight determined according 
to the feature quantities received from said 35 
feature quantity extraction means. 

a The gradation correction device according to 
Claim 1 , said gradation correction characteris- 
tic determination means comprising a correc- 40 
tion coefficient determination means compris- 
ing: 

a quantization means for quantizing the 
feature quantities received from said feature 
quantity extraction means; and 45 

a table means for providing a correction 
coefficient to determine the gradation correc- 
tion characteristic according to quantized val- 
ues quantized by the quantization means. 

50 

9. The gradation correction circuit according to 
Claim 8, said correction coefficient determina- 
tion means further comprising: 

a memory means for storing a correction 
coefficient in a previous picture 55 

a counting means for counting a number 
of successive pictures where the correction 
coefficient received from said table means is 



successively greater than or successively less 
than the correction coefficient stored in the 
memory means; and 

an updating means for determining the 
correction coefficient to be sent to said correc- 
tion means according to the number of succes- 
sive pictures received from said counting 
means. 

10. The gradation correction circuit according to 
Claim 8, said correction coefficient determina- 
tion means further comprising: 

a memory means for storing a correction 
coefficient in a previous picture; and 

an updating means for determining the 
correction coefficient to be sent to said correc- 
tion means according to a difference of the 
correction coefficient received from said table 
means with the correction coefficient stored in 
the memory means. 

11. The gradation correction device according to 
Claim 1, said correction means comprising: 

a correction gain generation means for 
generating a correction gain for the input digi- 
tal picture signals according to the input digital 
picture signals and the correction coefficient 
determined by said gradation correction char- 
acteristic determination means; and 

a multiplication means for multiplying the 
input digital picture signals with the correction 
gain received from the correction gain genera- 
tion means. 

12. The gradation correction device according to 
Claim 11, said correction gain generation 
means comprising: 

a first means for generating a first output 
value of a first gradation correction characteris- 
tic for an input digital picture signal; 

a second means for generating a second 
output value of a second gradation correction 
characteristic for the input digital picture signal; 

an adder means for adding the input digital 
picture signal and the correction coefficient 
determined by said gradation correction char- 
acteristic determination means to provide a 
weight; and 

a weighted average means for determining 
the correction gain by averaging the first and 
second output values with the weight 

13. The gradation correction device according to 
Claim 11, said correction gain generation 
means comprising: 

a first means for generating an output val- 
ue of a first gradation correction characteristic 
for an input digital picture signal; 
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a second means for generating an output 
value of a second gradation correction char- 
acteristic for the input digital picture signal; 

an average means for obtaining an aver- 
age of input digital picture signals including the 5 
input digital picture signal and those there- 
about; 

an adder means for adding the average 
received from the average means and the cor- 
rection coefficient determined by said grada- io 
tion correction characteristic determination 
means to provide a weight; and 

a weighted average means for determining 
the correction gain by averaging the two output 
values with the weight. is 

14. The gradation correction circuit according to 
Claim 12, wherein said first gradation char- 
acteristic Y1 of the input picture signal Y 
changes according to a following cubic equa- 20 
tion: 

Y1 = {(1/a 2 * (Y-a) 3 + a}. 

wherein "a" is a constant, and said second 25 
gradation characteristic Y2 changes according 
to a following linear equation: 

Y2 = b " Y, 

30 

wherein "b" is a constant. 

15. The gradation correction circuit according to 
Claim 13, wherein said first gradation char- 
acteristic Y1 changes with the input picture 35 
signal Y according to a following cubic equa- 
tion: 

Y1 = {(1/a 2 * (Y-a) 3 + a}, 

40 

wherein "a" is a constant, and said second 
gradation characteristic Y2 changes with the 
input picture signal Y according to a following 
linear equation: 

45 

Y2 = b * Y, 

wherein w b n is a constant. 

16. The gradation correction circuit according to so 
Claim 11, said correction gain generation 
means comprising: 

an average detection circuit for obtaining 
an average Ya of an input picture signal Y and 
input digital picture signals thereabout; 55 

a first adder for adding the average Ya 
with said correction coefficient; 

a clip circuit for clipping an output signal 

12 
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of the first adder with a value "0" and a 
maximum level of the input picture signal Y; 

a second adder for adding the input pic- 
ture signal Y to provide 3Y; 

a first multiplier for multiplying the input 
picture signal Y two times to provide Y 2 ; 

a third adder for adding an output signal of 
the first multiplier to a constant; 

a first subtractor for subtracting an output 
signal of the second adder from an output 
signal of the third adder; 

a second subtractor for subtracting an out- 
put signal of the clip circuit from the maximum 
level of the input picture signal; 

a second multiplier for multiplying an out- 
put signal of the first subtractor with an output 
signal of the second subtractor; and 

a fourth adder for adding an output signal 
of the clip circuit with an output signal of the 
second multiplier to provide the correction 
gain. 

17. The gradation correction device according to 
Claim 1 . said correction means comprising: 

a correction difference generation means 
for generating a correction difference of a cor- 
rected signal from the input digital picture sig- 
nals, which corrected signal being calculated 
according to the input digital picture signals 
and the correction coefficient determined by 
said gradation correction characteristic deter- 
mination means; and 

an adder means for adding the input digital 
picture signals with the correction difference 
received from the correction difference genera- 
tion means. 

18. An image sensing device comprising: 

an image sensor means for detecting input 
picture signals of a picture and for providing 
input digital picture signals; 

a feature quantity extraction means for ex- 
tracting feature quantities from the input digital 
picture signals of a picture, which feature 
quantities reflecting luminance level distribution 
of the input picture digital signals; 

a gradation correction characteristic deter- 
mination means for determining a gradation 
correction characteristic based on the feature 
quantities received from the feature quantity 
extraction means, which gradation correction 
characteristic defining an output signal for an 
input signal; and 

a correction means for correcting each of 
the input picture signals by using the gradation 
correction characteristic determined by the 
gradation correction characteristic determina- 
tion means to provide corrected picture signals 
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of the picture. 



19. The image sensing device, further comprising 
a means for recording the corrected picture 
signals of the picture in an external recording 5 
medium. 
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